Stemflow is known as a highly localized point input of rainwater and solutes around tree/shrub bases where roots are concentrated, thus having considerable effects on hydrology and biogeochemistry of vegetated ecosystems. Stemflow shows a pronounced inter-specific variation due to morphological differences among species, while the intra-specific variation of stemflow has been poorly explored.
INTRODUCTION
Small ). The complex interactions among these factors also make it difficult to determine how a single factor affects stemflow production (Levia & Germer ) .
Stemflow shows a highly inter-specific variation (the variation among species) due to morphological differences among tree/shrub species in a wide range of ecosystems 
MATERIALS AND METHODS

Site information
Field measurements were carried out during three growing seasons of 2011-2013 at the Water Balance Experimental Field (WBEF) (Figure 1(a) C. korshinskii is a multiple-stemmed deciduous perennial leguminous shrub with an inverted cone shape, and is one of the successful shrubs used in revegetation for protecting the Baotou-Lanzhou railway against encroaching sand dunes in the Shapotou area (Li et al. ; Li ) . The stems are smooth, the leaves are pinnately compound and opposite or subopposite in arrangement and 6-10 cm long, and each pinna has five to eight pairs of ovate leaflets (7-8 mm in length and 2-5 mm in width). The average height and the average canopy diameter of C. korshinskii at WBEF was 145 and 130 cm, respectively.
Shrub selection and measurements
Nine robust and healthy shrubs of C. korshinskii were selected for field observation (Figure 1 
Stemflow and rainfall measurements
Stemflow was collected using an aluminium foil collar that was fitted around the entire circumference of individual shrub stems (Figure 1(c) ). Stemflow volume was measured by a graduated cylinder for each individual stem after the cessation of each rainfall event. Funnelling ratio was used to compare differential stemflow funnelling efficiencies among individual shrubs of C. korshinskii. According to Herwitz () , it is defined as:
( 1) where V SF is the stemflow volume (mL), B is the stem basal area (cm 2 ) of stemflow generating shrub, and R is depth 
RESULTS
Rainfall, stemflow volume and funnelling ratio
In total, 37 rainfall events (totalling 410.3 mm) that can produce stemflow were recorded during the study period, ranging in depth from 2.4 to 28.8 mm with a mean of 11.1 mm and a variation of coefficient (CV) of 61% (Table 2) .
A great variability in stemflow volume can be found among rainfall events for individual shrubs. Stemflow volume increased significantly (P < 0.01) with rainfall depth for all studied shrubs (Figure 2 ). Total event stemflow volumes differed considerably among individual shrubs of C. korshinskii (Table 2) . For example, the sum of stemflow volume produced by CK_7 (190,049 mL) was 43.3 times greater than CK_1 (4,387 mL). These findings highlight the important interactions between rain event magnitude and intra-specific stemflow yield.
Mean event funnelling ratio also differed considerably among individual sample shrubs of C. korshinskii, suggesting the differential funnelling efficiencies among shrubs (Table 3) . For example, the funnelling ratio was 37 for CK_1 and 123 for CK_3. Generally, the event funnelling ratio for individual shrubs had an increased tendency with rainfall depth (Figure 3(b) ) until a threshold value around 12 mm and then began to decline (Figure 3(a) ).
Stemflow volume and funnelling ratio in relation to shrub morphology
The relationship between the total stemflow yield from all the individual stemflow events and shrub morphological 
DISCUSSION
Stemflow volume represents the quantity of stemflow flux.
In our study, stemflow volume increased with some shrub In our study, funnelling ratio differed considerably among individual shrubs within the same species (Table 3) , with a mean funnelling ratio range of 37-123
(CV ¼ 33%), suggesting that the shrub basal area of C. korshinskii can receive 37-123 times the amount of rainwater environments. Moreover, we found an exponential decay relationship between funnelling ratio and some shrub size metrics ( Figure 5 ). This suggests that smaller shrubs gain access to rainfall via higher funnelling ratio than larger shrubs. Our findings thus highlight the importance of morphological metrics on stemflow yield, and in particular, small shrubs might profit from sporadic rainfall events.
Small shrubs generally lack deep developed roots to draw water from deep soil layers, whereas small shrubs are more efficient at funnelling rainwater than their large counterparts. This is of eco-hydrological importance for the survival and growth of juvenile shrubs in drought conditions of arid desert ecosystems. Moreover, according to Kidron () , each millimetre of rain infiltrates to ∼10-11 mm in sand; it is therefore expected that long-term mean precipitation (191 mm) in our study area should result in an infiltration of ∼191-210 cm. Funnelling ratio is an important parameter for a better understanding of shrub-related infiltration (Levia & Germer ) . In our study, shrubs had a high funnelling ratio with small shrubs possessing higher funnelling efficiencies than larger ones, it is therefore reasonable to estimate that the infiltration under shrub canopies should be greater than in bare sand soil; it is, however, difficult to precisely estimate infiltration depth due to complex root structure and the great difference between stemflow infiltration process and vertical rainfall infiltration process (Liang et al. ) .
Not surprisingly, stemflow volume increased significantly (P < 0.01) with rainfall depth for all studied shrubs that saturates all areas capable of producing stemflow is reached; once this threshold rainfall depth has been exceeded, funnelling ratios would be expected to decrease since the numerator in Equation (1) will be limited by the maximum contributing area of the tree, while the denominator will increase in proportion with the rainfall input.
CONCLUSIONS
Both stemflow volume and funnelling ratio differed considerably among individual shrubs within the same species. Greater incident rainfalls resulted in larger event stemflow volumes, while funnelling ratio seems to be less affected by rainfall depth. Smaller shrubs generate a lower quantity of stemflow, while gaining access to rainfall via higher funnelling ratio than larger shrubs, suggesting that small shrubs may have a favourable soil water condition around the shrub base for survival and growth when competing with larger ones in water-limited arid desert environments. Investigation into soil moisture variations related to the stemflow induced by shrubs of varying sizes is called for in the future to obtain direct and more convincing evidence of differential intra-specific stemflow funnelling efficiencies on the growth of shrubs.
